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INTRODUCTION
Anthraquinone and anthraquinone derivatives, a class of polycyclic aromatic
compounds, have been shown to be useful for a wide range of purposes. With uses in
textiles,1 cosmetics and cellular imaging techniques,2 the unique properties of
anthraquinones have been maintained consistent interest for research. Recently, some
anthraquinone (or AQ) derivatives have been found to possess a number of
pharmacological properties such as antifungal,3 antiviral, 4 and anti-inflammatory5
effects.
The AQ molecule itself, Figure 1,6 is a heterocyclic aromatic compound of which
eight carbons are involved in substitution. This property alone contributes to its vast
potential. The eight conjugated π bonds bring the color of AQs to the near-UV ligt
spectrum, and the addition of certain functional groups cans help the color of AQs to
reach the visible range.7 In addition to this, the planar structure of AQ has allows it to
interact uniquely with DNA.8 The structure of AQs allows them to intercalate into DNA,
specifically GC-rich sites. Since the presence of AQ in DNA can be cytotoxic in the way
it distorts the structure of the double helix, there is much potential of AQ in
pharmacology, specifically in anti-cancer applications and research.8 However, the UV

Figure 1: Anthraquinone structure and substitution positions
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activity in conjunction with the ability to concentrate in specific portions of DNA with
high affinity has given AQ derivatives much popularity as staining agents.9

It is for these reasons, which will be discussed in further detail later, that
anthraquinones represent a class of important molecules. Because of this, methods to alter
the AQ structure to allow for the addition of functional groups, all while maintaining the
aromatic and DNA binding properties innate to AQ, can be highly useful. One method,
the bromination of AQ and AQ derivatives, forms an intermediate with the ability to add
a wide variety of functional groups, each with their unique properties, through many
different well-documented high yield coupling techniques.10
While the bromination of aromatic compounds is a well-researched topic, AQ and
hydroxy substituted AQ derivatives, with two carbonyl groups acting as strong
deactivators for electrophilic substitution, are notoriously difficult to brominate.11
Although there are well defined ways to brominate an AQ or hydroxy substituted AQ
dating back to 1921,12 in order to synthesize more complex AQ derivatives, a method for
halogenating AQ derivatives already bonded to more complicated or unstable functional
groups is needed in order for the compound to carry out desirable activities. This
represents an area of great need in research. The purpose of this paper therefore is threefold. First, it sheds light on the properties of AQ and AQ derivatives, explaining previous
uses of it. Next, reactions with a brominated 1-mono-substituted AQ to add another
functional group without compromising the AQ derivative itself are summarized. Finally,
various methods of performing such a reaction are evaluated, and experimental findings
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of some attempts performed in lab at Liberty University Department of Biology and
Chemistry are reported.
PROPERTIES OF AQ AND AQ DERIVATIVES
Anthraquinone is a unique chemical and has several properties that have caused it
to gain popularity in research. One of these properties is that AQ is aromatic, a quality
that gives it a great amount of stability.13 AQ fits the four categories of aromaticity as it is
cyclic and planar (Figure 2),14 conjugated, and has 14 π electrons, satisfying Hückel’s
rule.15 The conjugation and 14 π bonds gives AQ UV activity. On its own it AQ is
colorless with a λ max at 325nm;16 very close to the visible range, and with the addition
of certain functional groups, as will be described later, the color of the molecule can shift
to the visible spectrum.17 This property has allowed AQ to be very useful in the field of
dyestuffs.17

Figure 2: Planar, cyclic 3D structure of AQ. 14

Unfortunately, aromatic hydrocarbons tend to be largely insoluble, and AQ is no
exception. AQ is only soluble in a few solvents, namely benzene and toluene.18 This
property often makes practical applications, such as in-vivo, nearly impossible, as the
inability to dissolve in water, and thus interact with many biochemical structures and
pathways, prevents its potential uses.19 The “sluggish kinetics”19 of hydrophobic AQ can
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be overcome by the addition of certian functional groups, a topic that will be discussed
later, which allows the properties of AQ can be utilized more effectively.
AQ also has a unique biochemical effect. Although AQ is largely insoluble, when
it, or an AQ derivative, is able to reach double stranded DNA, or dsDNA, it binds
noncovalently between nucleotide base pairs with high affinity.20 The hunt for potent
chemotherapeutics has been a focal point of recent research, and since DNA is the
primary target for drugs of this kind, AQ derivatives and their intercalative properties
have been the basis of many of these drugs.21 The interaction and accumulation of AQ
derivatives between the base pairs of high guanine/cytosine content causes
conformational changes to the DNA, preventing replication. A model of the exact
mechanism of intercalation of AQ derivatives 1,4-DAAQ and AQ4 in DNA, as well as
their structures is shown Figure 3.20 In addition, AQ derivatives have been shown to
inhibit topoisomerase II activity, an enzyme assisting in alleviating the tension of
supercoiling during replication, furthering the DNA replication suppression qualities of
AQs.20
The cytotoxic effects of AQ are not the only benefits that come with its DNA
intercalation; they also allow for DNA imaging. As mentioned before, the conjugated
structure of AQ gives it absorbance in the UV range,17 and attachment of certain
functional groups can shift this absorbance to the visible range allowing for more
specialization in tagging or staining. Also, the addition of polar functional groups to AQ
can alter its solubility, alleviating the sluggish kinetics of the insoluble AQ mentioned
earlier, allowing for greater efficacy.19
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(b)

(c)
Figure 3: AQ derivative 1,4-DAAQ (c) and AQ4
(d) and their mechanisms of intercalation with
DNA (a) and (b) respectively. 20
Hydrogen bonding (pink dotted lines) and
hydrophobic interactions (green dotted lines) are
depicted in (a) and (b). 20

(d)

There are two kinds of functional groups that can be used to shift the peak
absorbance, or λ max of an AQ. The first are chromophores, groups that themselves, even
before bonded to another molecule, have a significant absorption in the UV/Vis spectrum.
The next are auxochromes, or groups that have negligible UV/Vis spectra on their own,
but when bonded directly to a chromophore localize or delocalize the π electrons present,
shifting the λ max.22
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A chromophore is a compound that has UV/Vis activity by itself. These can be
conjugated compounds or compounds with atoms like sulfur or bromine that have λ max
in the UV/Vis spectrum on their own.22 Thus, AQ is considered a chromophore as it has
UV activity, with a peak very close to visible range, at 325nm.23 Since a chromophore
has UV/Vis activity on its own, when acting as a functional group for another compound,
especially another chromophore, the spectrum shifts. For example, observe the spectra of
3,5-dihydro-5-[(4-hydroxyphenyl)methylene]-3-methyl-4H-imidazol-4-one (immature
mPlum) shown below. When a chromophore, ethylideneacetamide, is bonded as a
functional group (forming mature mPlum), the UV spectra shifts.24 This specific shift
known as a red shift, or a bathochromic shift, moves the λ max to a wider wavelength. If
a chromophore with a shorter wavelength absorbance was bonded to a molecule, the
newly formed chemical would experience a blue-shift, or a hypsocromic shift.25
Figure 4: (A) Absorption spectra of
immature mPlum with corresponding
chromophore chemical structure.
(B) Crystal structure of immature
mPlum chromophore including
neighboring
residues
The arrow points to the sp3 hybridized
carbon of immature mPlum.
(C) Same as A for mature mPlum. (D)
Same as B for mature mPlum.
The arrow points to the sp2 hybridized
carbon of mature mPlum. 24
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The other method of altering the position of λ max in a chemical is the addition of
auxochromes. These functional groups do not have UV/Vis activity on their own, but
when attached to a chromophore, especially an aromatic compound like AQ, they
function to localize or delocalize the electrons due to resonance and cause a
hypsochromic and bathochromic effect, respectively.26 It is well documented that the
functional group -OH functions as an auxochrome, because when bonded to a conjugated
chromophore it causes a bathochromic shift. By this logic, the addition of an -OH group
to AQ should bring it closer to the visible spectrum. Indeed, when two -OH groups are
added to the 1 and 2 position, shown in Table 1, the λ max shifts to 433nm, displaying
the color yellow.26 Auxochromes can present a hypsochromic shift, a transition into
higher energy wavelength absorbance. This is seen in the blue-shift when a methyl group
is added to the di-OH substituted AQ mentioned earlier and its λ max shifts from 433nm
to 431nm.26
Thus, AQ, an aromatic chromophore, has great potential with UV/Vis spectra
depending on which functional groups, chromophores or auxochromes, are bonded to it.
The ability to selectively alter the UV/Vis spectrum of AQ has already been useful in
dyes for textiles but has been pivotal in imaging when used in conjunction with affinity
for DNA.
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(a)
Table 1: (a) Variable placements of H and auxochromes -OH, -CH3,
and -CH3OHon four carbons in an anthraquinone molecule.
(b) The various bathochromic and hypsochromic shifts based on the
interactions and identities of each of these auxochromes
(b)

Functional groups added to an AQ molecule are not limited to chromophores and
auxochromes. Indeed, a common role of AQ derivatives, as anticancer agents, has little to
do with UV/Vis spectra. As mentioned earlier, AQ and AQ derivatives are able to
intercalate between DNA bases, both distorting it and inactivating topoisomerase II.
However, the fact that AQ and derivatives with non-polar functional groups are not water
soluble hinders the kinetics of the interaction. However, AQ derivatives like doxorubicin
and mitoxantrone, structures shown below in Figure 5, contain functional groups that
allow the chemical to dissolve in water with various maximum concentrations. This

ANTHRAQUINONE DERAVITIVE

11

solubility allows these two FDA approved AQ derivatives to serve as cancer treatments.
These two newly potent chemotherapeutics, doxorubicin and mitoxantrone, are now
water soluble, and are thus able to interact with DNA at a much faster rate.27 This allows
for rapid accumulation in dsDNA, disrupting the double helix structure and inhibiting the
function of topoisomerase II, causing lysis of cells exposed to these AQ derivatives
entering their S phase of cell growth.28, 29 While many different cells in the body may be
undergoing S phase growth at any given time, rapidly dividing cells, especially cancer
cells who skip the G1 checkpoint, are more likely to enter the S phase during the brief
exposure to the water soluble AQ derivatives, and are likely to lyse during treatment.
Thus, after several short exposures, the majority of rapidly dividing cells will have
succumbed to the cytotoxic effects of these replication suppressors.28

Figure 5: Chemical structures of FDA approved, watersoluble AQ derivatives mitoxantrone (left) and

doxorubicin (right).

While they have been widely successful as chemotherapeutics, the benefits of
water-soluble AQ derivatives are not limited to cytotoxic activities. In fact, water soluble
AQ derivatives have recently gained popularity in staining and tagging living cells.30
Even when present and intercalated in dsDNA, AQ derivatives will not produce cytotoxic
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effects unless the cell undergoes DNA replication. Therefore, if a cell is exposed to a
certain concentration of water soluble AQ derivative, it would accumulate in the DNA,
filling the nucleus with the chemical while leaving the cytoplasm relatively empty of it.30
Using this hydrophilicity in conjunction with the variable UV/Vis spectra of AQ
derivatives mentioned earlier allows for the nucleus of the cell to be stained with sharp
contrast to the cytoplasm in virtually any UV/Vis range. This phenomenon has been
actualized with the AQ derivative DRAQ5. The results of DRAQ5’s interaction with
water, light, and DNA used in tandem with a staining agent using reporter proteins
produce stunning results. A visualization of this is shown below in Figure 6, where a live
cell has been stained in a way to show sharp contrast between cytoplasm and nucleus. In
addition, because of the variability of UV/Vis spectra due to a vast array of functional
groups, several water soluble AQ derivatives with separate λ max peak locations from
both each other and commonly used reporter proteins can be used, which was a problem
with previous DNA staining agents.31 An example of this is shown in Figure 7, where
emission wavelength spectra of DRAQ5, versus previously used Hoe33342, are
compared to common reporter protein eGFP, used to stain cytoplasm.2

Figure 6: Imaging of live cells with
DRAQ5 (a) and position of nucleus
during cytokinesis (b)

(a)

(b)
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Figure 7: Emmision
wavelengths of previous DNA
staining chemical Hoe3345
(pink) with spectral overlap
with common reporter protein
eGFP (green) compared to
unique DRAQ5 spectra (red)
and nearest reporter, mRFP’s
wavelength (orange)

Although most AQ derivatives tend to intercalate into dsDNA in the same way,
within GC rich regions, there are certain AQ derivatives that have been found to bind
more selectively to certain regions and forms of DNA.8 In other words, AQ can be
modified to accumulate in only a specified region of DNA, producing its replication
suppression or UV/Vis spectral properties in an indicated area.
The AQ derivative class of cationic porphyrin–anthraquinone dyads, Figure 8, for
example, target G-quadruplex DNA with the AQ base while the side chain interacts with
the negative phosphate backbone, stabilizing the complex. When dsDNA is rich in
guanine, it sometimes adopts a strange secondary structure known as a G-quadruplex.
This occurs when four guanines take on a planar structure held together with hydrogen
bonds. When many of these stack on top of each other, it is known as a G-tetraplex.
These occur very commonly in telomeres, the repetitive “TTAGGG” that protects the
ends of DNA strands from losing important genetic information when the ends get cut
short during replication. As time goes on, these telomeres get shaved down until
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replication begins corrupting information, and the cell dies. Some “immortal” cells have
self-replicating telomeres because of an enzyme known as telomerase. Germ cells, stem
cells, and as it turns out, over 85% of cancers contain this enzyme. Telomerase, however,
cannot function properly without access to a single stranded telomere, which is
unavailable in the presence of the G-tetraplexes mentioned earlier. If a G-tetraplex is
present in a telomere of a cell, telomerase cannot elongate it and it will eventually lyse.
These G-tetraplexes, as mentioned earlier, are formed from G-quadruplexes. Gquadruplexes are stabiliz ed by the AQ derivative cationic porphyrin–anthraquinone
dyads.8 Thus, this specific functional group bonded to AQ gives the molecule a unique
ability to inhibit telomerase activity, thus promote a relatively painless cancer
treatment.32

Figure 8: Structure of a
cationic porphyrinanthraquinone dyad

There are several other AQ derivatives with specificities, albeit their mechanisms
are not as well understood. For example, AQ tethered platinum complexes (Figure 9) are
found to accumulate in cancer cell spheroids, regions that chemotherapeudics historically
have had trouble interacting with. Also, there are some cationic AQ derivatives that
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induce apoptosis in BGC gastric cancer cells. In addition, a well-known tumor
suppressant, net amsa, Figure 9, intercalates both into the dsDNA and binds into the
minor groove, prolonging its attachment to DNA and interfering with DNA processing
enzymes.8

(b)

(a)

Figure 9: Structures of net amsa (a) and AQ tethered platinum
complexes (b)

Thus, whether the AQ binds to a chromophore, an auxochrome, a hydrophilic
group, or a specialized group that targets specific portions and forms of DNA, the
functional groups attached give the compound a wide range of uses. AQ derivatives have
been essential in cancer treatment and cell imaging and using the enhancements and
modifications of functional groups on AQ described earlier, the possibilities seem nearly
limitless. However, while much of the functionality of AQ derivatives is based on the
groups attached, in research there lacks a simple approach to bind AQ to different
functional groups. This poses a great problem at times as AQ needs several modifications
to fit the task at hand. These modifications include a combination of water solubility and
absorbance in the visible range of light. This paper proposes a simple mechanism to add
different groups to an AQ molecule without interfering with it, or the functional group’s
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structure, using a 1-monosubstituted AQ as an example. Some attempted methods of
achieving this mechanism are discussed later, as well as a proposal and description of
several other reactions that may work for the specific 1-monosubstituted AQ.
A METHOD FOR SIMPLE SUBSTITUTION
At the present time there are many methods of adding one or multiple of the same
functional groups to the AQ molecule. In fact, many AQ dyes, such as Disperse Blue 1,
Solvent Blue 36, and Solvent Green 3 (structures shown in Figure 10),33 are AQ
molecules simply attached to one or more of the same classes functional groups.
Although the addition of a single functional group one or multiple times has been useful
historically, the bulk of research is leading to polysubstituted AQ derivatives with
multiple different functional groups attached. Hydroxy-substituted AQ, like the ones in
Figure 11, are popular as they increase the solubility of the compound and, as mentioned
earlier, cause a bathochromic shift,34 In addition, various ethers can be formed through
condensation reactions.35 One of the most important qualities of these hydroxy
substituted AQ molecules is that, unlike most other functional groups, a halogen can be
bonded to the AQ body efficiently and selectively without altering the functional groups
themselves. While the halogen can act as a chromophore, a brominated AQ derivative is
much more useful as an intermediate, as there are a wide variety of coupling reactions,
described in brief later, that allow for the easy replacement of this bonded halogen.
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(c)

Figure 10: Structures of (a) Disperse Blue 1, (b) Solvent Blue 36, and (c)
Solvent Green 3. Each is poly substituted with the same functional group

Figure 11: Hydroxy substituted
anthraquinone “hydroxyanthraquinone”

There are a many reactions that can take place when an aromatic compound is
brominated. Coupling reactions like Suzuki-Miyaura, Sonogashira, Buchwald-Hartwig,
and Heck allow an almost infinite number of functional groups to be added to a
brominated aromatic compound with high yield and mild reaction conditions. An
example of each of these four reactions along with experimental conditions and yield is
depicted below in Figure 12.10 These highly effective coupling techniques can be used
specifically, and with great ease once the AQ derivative has the halogen in place.
Halogen directed AQ and AQ derivative coupling is far from a novel utilization of these
reactions, in fact, many dyes and cancer treatments based on AQ derivatives use these
processes. For example, the synthesis of the dye “oxysulfone blue,” shown in Figure 13,
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utilizes a brominated intermediate along with a coupling technique to bond with a
specified functional group.10

While the method of brominating an AQ or hydroxy substituted AQ is rather
simple, as the functional groups attached are not existent or simple and rather unreactive,
there is often a need to bond a second functional group in order for the AQ derivative to
possess certain qualities. But as the functional groups added initially become more
complicated or reactive, successful halogenation without disturbing the structure becomes
more complicated. In research there are examples of the successful halogenation of a
more complex substituted AQ, like the one shown in Figure 14,36 but there is not much
literature regarding a mechanism to brominate previously substituted AQ derivatives.
This paper explores this.

Figure 12: Coupling reactions using a brominated alkyl group and
corresponding alkyl reagent (R groups represent alkyl groups) for Suzuki,
Sonogashira, Buchwald-Hartwig, and Heck (top to bottom, respectively)
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Figure 13: Synthesis of the textile dye oxysulfone using a
brominated AQ via the Buchwald-Hartwig method

Figure 14: Structure of
epirubicin, AQ derivative, a
chemotherapeutic used for
treating breast cancer

In halogenating a substituted AQ, there are many interactions to think about in
terms of placement of the initial functional group as well as the properties of the
functional group. In general, in order for a higher yield, faster reaction time, and more
mild conditions, it is preferable to mitigate steric hinderance. For example, in the AQ
derivative below, the initial functional group, R, has two placement options, carbons 1
and 2 (R1 and R2 respectively in Figure 15) since the molecule is symmetrical around two
axes. Based on the placement of R, the placement of the second functional group, the
halogen, X, will vary. Ideally, the X will be located in a position with no adjacent bulky
groups. This can be seen below, if R is placed in position 1, it allows X to bind to
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position 3 with no steric hinderance, or 4 with more. The properties of R will determine
which of these two positions is more favorable. In contrast, if R is placed on position 2, it
must either overcome the steric hinderance of the AQ itself, or of the R group, both of
which are not ideal. Thus, based on hinderance, the most kinetically favorable location of
a functional group on an AQ derivative for bromination is in the 1 position.

Figure 15: Two bonding positions for a mono-substituted
AQ molecule, R1 (carbon 1), and R2, (carbon 2)

The R group itself also has much to do with the ideal placement of the initial
functional group. If the R group is an activator, containing an electron donating group,
the electrons of an aromatic compound shift in a way that directs additional electrophilic
aromatic substitutions to ortho and para positions of R. On the other hand, if the R group
is deactivating, consisting of an electron withdrawing group, it is meta directing.37
In an AQ, an activating group directs into ortho and para positions for X namely
to 2 and 4 if R is placed in position 1, and 3 and 4 if R is placed in position 2. If the R is a
deactivating compound, it will be meta directing for X, substituting carbon 3 if R is
bonded to carbon 1, and carbon 4 if R is bonded to carbon 2. However, the most powerful
director in an AQ molecule is often the two carbonyl groups, which act as strong
deactivators, directing meta substitution. The direction of X substitution for both
positions based on the activating and deactivating qualities of R are depicted below in
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Figure 16, where R1 represents the initial functional group and each circle represents
where the R group would be directing.

(a)

(b)

Figure 16: Direction of carbon substitution of deactivating carbonyl group (red) and either an
activating R group (blue), or deactivating R group (green) with a 1-substituted AQ (a) or 2substituted AQ (b)

Therefore, as a whole, the position of the R on carbon 1 and 2 allows roughly
equal distribution to the remaining 3 carbons regardless of whether it is an electron
donating group or an electron withdrawing group. However, in the event that R is an
electron donating group, a placement on carbon 2 will likely favor ortho direction as no
para carbons are available for substitution, and steric hinderance will occur. Thus, based
on the mechanisms of aromatic substitutions, and the general hinderance mentioned
earlier, regardless of the identity of the functional group it will likely be most kinetically
beneficial if bonded to carbon 1.
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It is for this reason that the focus of the halogenation techniques discussed later
will be on a 1-substituted AQ, referred to as 1AQ. The structure of this class of molecules
is shown below in Figure 17. In addition to a proposal of several procedures to add a
halogen to the 1AQ, a summary of conditions and results of several 1AQ halogenation
attempts performed in lab are given.

Figure 17: Generalized structure of a 1substituted anthraquinone, or a 1AQ, where R1
represents any functional group

IDENTIFICATION OF SUCCESSFUL HALOGENATION

The majority of functional groups in popular AQ derivatives such as dyes and
chemotherapeutics, such as those shown in Figure 14 and 11, have activating functional
groups. The presence of an activating functional on a 1AQ is beneficial as electrophilic
aromatic substitutions, like a halogenation, have an increased rate of reaction relative to
H.38 While there is little literature about the halogenation of a 1AQ, there is much
research of the halogenation of different 1-substituted aromatic compounds, many of
which are likely to behave analogous to the 1AQ. The literature reviewed in the rest of
this paper are reactions of 1AQs or similar compounds to 1AQ with activating R groups
that have been successfully brominated, followed by a suggestion of conditions to
achieve the same goal on a 1AQ provided by lab, named AMC1.
AMC1, a 1AQ with an activating R group, served in our lab as an example of the
class of 1AQs. Thus, if the standardized methods of the halogenation of 1AQ were
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successful, it might successfully form a brominated AMC1, or a X-AMC1. Besides the
surface level properties of the successfully isolated X-AMC1, such as a change in color
due to a halogen’s chromophore properties or a distinct increase in mass, there would be
many ways to identify and confirm it.
There are various analytical methods that can be used in lab to determine the
presence of the product of a successful halogenation of an AMC1.
TLC
The addition of a halogen, an electronegative atom, would increase the polarity of
the AMC1, allowing it to be more soluble in polar solvents.39 This would lead to a
smaller Rf value in thin layer chromatography when using a polar stationary phase like
silica and a non-polar mobile phase when compared to AMC1.
Different results of TLC suggested specific outcomes of the reaction. If the lane
run with the product contained only one dot, and it had a different Rf value than the lanes
containing reactant, it suggested that a new compound had formed and that it was
relatively pure.39 If it was a smaller Rf value, it suggested successful halogenation. If the
one dot had the same Rf value as the products, it was likely that the AMC1 did not react,
or that one of the unreacted reactants was isolated. If multiple dots were present in the
product lane, that signified that the isolated product was not pure, and depending on the
number of dots and Rf values compared to the products, it could signify no reaction took
place, no product was isolated, or that AMC1 was fragmented.39
FTIR
While the presence of a novel compound can be determined from the reaction
mixture using TLC, FTIR provides a clearer picture of what exactly has been isolated.
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When analyzed under FTIR and compared to AMC1, a new compound could be
identified with more confidence. Many functional groups have specific FTIR resonances
and can be identified based on the presence and intensity of such resonances. Some of the
common functional groups with their correlating IR wavenumbers and intensities are
shown below along with the IR spectrum for AQ. The specific peaks of the R groups
would be visible for AMC1, along with peaks for the AQ, such as carbonyl groups from
the AQ, aromatic C-C bonds, and aromatic C-H bonds. Figure 18 highlights each peak
associated with the aromatic bonds mentioned earlier and compares them to the
commonly accepted wavenumbers for each of those bonds.40
When analyzing the product, lack of any of these AQ peaks, or peaks associated
with the R group, in the product indicated that X-AMC1 was not present, rather a
fragment of it was. Another failure, the bonding of the halogen to a carbon in the R group
rather than the aromatic region, could be identified by the presence of a peak for a
terminal halogen CX-H, or a non-aromatic halogen (850-550 cm-1). However, if all peaks
were retained, and a new peak appeared in the range indicating an aromatic halogen
(1175-1000 cm-1), the product isolated was most likely X-AMC1, and could be further
analyzed for confirmation.40
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Figure 18: Anthraquinone FTIR
spectrum with peaks of
conjugated ketones at 1676 cm-1
(red), aromatic C-C bonds at
1633 cm-1 (yellow), and aromatic
C-H bonds at 2900 cm-1 (green)43

BROMINATION METHODS
With methods to identify successful formation of X-AMC1, several methods to
perform this bromination are suggested. These processes are based on successful
halogenation of aromatic compounds bonded to activated functional groups as seen in
literature, such as in Gottardi’s successful brominated a heterocyclic aromatic
isoquinoline.43 Figure 19 shows the conditions of his experiment. The brominating agent
used in this experiment was dibromoisocyanuric acid, or DBI.

Figure 19: Gottardi’s bromination of isoquinoline (middle), a deactivated aromatic compound,
using DBI (left)
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Another more promising halogenation technique for deactivated 1AQ is suggested
in the article “Efficient, facile metal free protocols for the bromination of commercially
important deactivated aminoanthracene-9,10-diones.”11 While the functional groups
attached to the 1AQs in this article are activating, the carbonyl groups of the AQ core
give the 1AQ an overall deactivated nature, hence the title referring to the 1AQ as
“deactivated” This article reports successful, high yield bromination of several
deactivated 1AQs as well as many deactivated AQ derivatives.41 Many of the AQ
derivative halogenations perform mainly di-bromo substitutions which reduces the
specificity of subsequent coupling reactions, however when the deactivating R group is
alkylated, as it is in many popular AQ derivatives dyes and intercalating agents,
bromination occurs. For example, in Figure 20, an ortho-para di-bromination occurs
when the reaction takes place with the R group as -NH2. When the R group is a -NHCH3
or -NHCH2CH3, mono-bromo para substitution occurs.41 This kind of substitution allows
for a more specific secondary R group addition by replacing the Br through a coupling
reaction. While many other 1AQ bromination techniques require harsh conditions and
dangerous reagents such as Br2, the reactions described used milder reagents like HBr
and either H2O2 or m-CPBA with methanol as a solvent. The conditions of the para
bromination of the two alkylated deactivated 1AQs are shown below in Figure 20. R was
-CH3, the percent yield for the mono-brominated was 86% and 87% for H2O2 and mCPBA respectively. Where R was -C2H3, the percent yield for the mono-brominated was
85% and 82% for H2O2 and m-CPBA respectively. There are two different bromination
techniques performed in this article, both with high yields.41
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Figure 20: Two methods of bromination of a 1AQ with different R groups. 41

Finally, in the article “Deep eutectic solvents (DESs) as eco-friendly and
sustainable solvent/catalyst systems in organic transformations”42 a reaction scheme for
the successful bromination of a 1AQ uses extremely mild conditions. This
environmentally friendly synthesis, shown below in Figure 21, uses Br2 as the
brominating agent. The solvent, known as a deep eutectic solvent, is a class of newly
emerged ionic liquids have shown to be extremely useful in organic transformations in
terms of efficacy and kinetics when compared to other organic solvents. The solvent,
formed from a reaction of choline chloride and urea, is shown below in Figure 22. Unlike
the methods proposed earlier, the use of a deep eutectic solvent leads to the formation of
a di-bromo, ortho para substituted 1AQ. This may still be useful for a wide range of
potential AQ derivatives, and the mild reaction conditions (80° C), kinetics, and high
yield shown below in Figure 21 make this reaction noteworthy. Again, since the initial
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synthesis was performed on a 1AQ, few changes to the conditions need to be performed
for successful formation of X-AMC1.

Figure 21: Synthesis of brominated 1AQ using a deep eutectic solvent.
Yield from 86%-95%

Figure 22: Mechanism of ionic, deep eutectic solvent. Interactions
between choline chloride and urea visualized

EXPERIMENTAL SECTION
Bromination of AMC1 via Gottardi Method: An excess of DBI was added to
15mL concentrated sulfuric acid and allowed to dissolve. AMC1 was added once
dissolved in 5mL sulfuric acid in a round bottom flask. A stir bar was added at a medium
speed. The AMC1 immediately became black. The DBI solution was added with the
slowest drip possible and the reaction was allowed to react for 30 minutes. The reaction
was then poured into 500mL water and immediately turned orange. The solids were
isolated using vacuum filtration and rinsed until the pH of the filtrate was ~7. The
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product decomposed during MP analysis and showed peaks inconsistent with AMC1 and
X-AMC1.
DBI was completely dissolved in concentrated sulfuric acid and added by slow
drip and reflux to twice the molar amount of AMC1, stirred with a stir bar. After the DBI
and acid mixture had been completely added to the AMC1, it was added dropwise into
cold water then isolated using vacuum filtration and recrystallized in ethanol. The exact
method can be seen in the experimental section below. Although the product was an
orange compound with a larger mass than the initial mass of AMC1, the melting point
could not be determined due to decomposition, and TLC and IR analysis proved the
product, regardless of the speed at which DBI was combined with AMC1 or the amount
reaction time, not to be X-AMC1.
CONCLUSION
AQ on its own has several properties that give it vast potential for practical uses.
The conjugation of this hererocyclic aromatic allows the alteration in UV/Vis spectra
with the addition of an auxochrome or chromophore, allowing it to act as a dye. Its planar
structure gives AQ, when attached to a functional group that causes the compound to be
hydrophilic, a high affinity for dsDNA, producing cytotoxic activities to cells undergoing
reproduction, a quality leading AQ derivatives to be potent chemotherapeutics. In
addition, when the change in spectra as well as the solubility are used in conjunction,
such as DRAQ5 mentioned earlier, a useful nucleus staining agent is produced. All these
functions have to do with what functional groups are attached to the eight substitutable
carbons in the AQ structure, which leads to its recent focus in research.

ANTHRAQUINONE DERAVITIVE

30

This paper proposed a mechanism to easily add various functional groups to a
1AQ, because once brominated, the compound can easily be coupled with many groups
using the well-researched coupling reactions described above such as Sonogashira,
Suzuki, and Heck coupling. In addition, two methods to brominate 1AQ were proposed
based on successful bromination of aromatic compounds as well as 1AQs.
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